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Previews
In this issue of Neuron, Ungless et al. (2003) haveStress Hormone Enhances
found that a key hormone in the stress response, CRF,Synaptic NMDA Response potentiates the NMDAR component of glutamatergic
synaptic currents onto VTA DA neurons (Figure 1). CRFon Dopamine Neurons
belongs to a family of related peptides that includes the
Urocortins. Stress potently releases CRF not only from
the hypothalamus but also from extrahypothalamic neu-
rons (Tsigos and Chrousos, 2002). Two genes have been
Stress can induce cravings and relapse in abstinent identified in mammals that encode CRF receptors, CRF-
drug addicts. In this issue of Neuron, Ungless et al. R1 and CRF-R2 (Carrasco and Van de Kar, 2003). Both
report that corticotropin-releasing factor (CRF), a key of them are Gs-coupled receptors. When Ungless et al.
hormone in the stress response, potentiates the applied CRF to the bath, NMDAR-mediated excitatory
N-methyl-D-aspartate NMDA receptor (NMDAR) com- postsynaptic currents (EPSCs) increased, but the AMPAR
ponent of glutamatergic synaptic transmission onto component of the EPSCs did not. Specific inhibition of
midbrain dopamine neurons, a mechanism that may the CRF-R2 by Antisauvagine-30 inhibited CRF’s po-
mediate some effects of stress on relapse. tentiating effect, but CRF-R1 inhibition did not. Further
along the pathway of action, U-73122 inhibition of phos-
pholipase C or Bisindolyeamide 1 inhibition of proteinStress produces a coordinated and complex response
kinase C prevented CRF’s action (Figure 1). It also wasof the endocrine, immune, autonomic nervous, and cen-
found that the CRF binding protein (CRF-BP) was re-tral nervous systems to produce behavioral and physical
quired. A CRF fragment with a high affinity for the CRF-changes that allow an organism to adapt to the environ-
BP, but a low affinity for CRF-R2, prevented CRF potenti-mental situation (Carrasco and Van de Kar, 2003; Tsigos
ation of the NMDAR-mediated EPSCs. The participationand Chrousos, 2002). The hypothalamic-pituitary-adre-
of CRF-BP was supported by consistent results usingnal axis provides diverse signals and has varied roles
the CRF-related peptides Urocortin and Urocortin II.in the stress response. The paraventricular nucleus of
This fascinating link between a stress hormone and
the hypothalamus releases corticotropin-releasing fac-
excitatory transmission onto VTA DA neurons has three
tor (CRF) and arginine vasopressin (AVP), which trigger
unexpected mechanistic twists. First, CRF-Rs are Gs-
the release of adrenocorticotrophic hormone (ACTH)
coupled receptors, suggesting that the cAMP/protein
from the anterior pituitary. ACTH subsequently stimu-
kinase A pathway would be involved. However, inhibition
lates the release of glucocorticoids from the adrenal
of that pathway did not alter CRF’s effect. Second, CRF-
cortex (Carrasco and Van de Kar, 2003). In concert with R2 was not thought to be significantly expressed in the
multiple neurotransmitter systems, these hormones pro- VTA, but a sensitive search using RT-PCR revealed its
duce physical adjustments, such as increased blood presence. Finally, the most significant twist is that the
pressure, increased heart rate, and inhibition of the CRF-BP seems to serve an active role in the CRF-medi-
growth and reproductive systems. Likewise, there are ated process. CRF-BP binds CRF with high affinity (Car-
behavioral adaptations, such as suppression of feeding rasco and Van de Kar, 2003), but understanding of its
and reproduction, accompanied by increased arousal, roles is not well developed beyond its ability to serve as
vigilance, and attention. a CRF buffer (Linton et al., 1990). CRF-BP participation in
Stress also is an important factor in the use of ad- this synaptic process suggests it may contribute to other
dictive drugs. Evidence indicates that stress can in- signals by CRF and by related peptides, such as the
crease the motivation and vulnerability for drug use Urocortins that bind to CRF-BP with varying affinities
(Goeders, 2002). During the acquisition phase, stress (Lewis et al., 2001).
increases the sensitivity to addictive drugs, making the This work further elaborates the link between stress,
individual more susceptible to drug reward. During ab- addictive drugs, and midbrain DA neurons recently be-
stinence, stress can stimulate reinstatement of drug gun in the laboratories of Malenka and Bonci (Saal et
seeking and drug self-administration in humans and ani- al., 2003; Ungless et al., 2001). They previously showed
mals. Craving and relapse can be elicited by the drug that a single dose of various addictive drugs or acute
itself or by environmental cues that become salient stress increase the strength of excitatory synapses onto
through their repeated association with previous drug VTA DA neurons. The treatments increased the ratio of
use. The stress response may mimic an internal state the AMPAR component to the NMDAR component of
that serves as a “priming” cue for drug seeking (Goed- the EPSCs. That increase is consistent with the long-
ers, 2002). These influences of stress are likely to involve term potentiation (LTP) of the synapses, which occurs
dopamine (DA) systems, particularly the dopaminergic when new AMPARs (not NMDARs) are inserted into the
projections originating in the ventral tegmental area postsynaptic membrane (Malinow and Malenka, 2002).
(VTA) and innervating the nucleus accumbens, the Stress mediated the increased AMPAR/NMDAR ratio via
amygdala, and the prefrontal cortex. Stress is known glucocorticoid receptors, which are the end hormones
to elevate DA in the prefrontal cortex and the nucleus of the hypothalamic-pituitary-adrenal axis. In the pres-
accumbens (Doherty and Gratton, 1997; Thierry et al., ent paper, however, Ungless et al. (2003) found that CRF
boosts the postsynaptic NMDAR (not AMPAR) compo-1976).
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Thalamocortical Topography
Reloaded: It’s Not Where You Go,nent in a midbrain slice preparation. It is not obvious
how the two finds can be reconciled when considering but How You Get There
the in vivo consequences of stress. Until further research
is completed, we cannot be certain that CRF potentia-
tion of the NMDAR-mediated EPSCs has a biological
role. There is, however, a speculative explanation that When looking for the origin of topography within the
unifies the findings. thalamocortical system, attention has largely focused
During the stress response, CRF is released early either on the target (cortex) or on the projecting neu-
along the hypothalamic-pituitary-adrenal axis, and it is rons (thalamus). Two papers in this issue of Neuron
also released from extrahypothalamic neurons that (Dufour et al., 2003; Seibt et al., 2003) point to an inter-
could innervate the midbrain. In that way, the early arrival mediate target, the ventral telencephalon, as the key
of CRF could transiently increase the NMDAR compo- region where thalamocortical topographic mapping is
nent of excitatory transmission as described by Ungless established, and to the ephrin-A/EphA signaling sys-
et al. (2003). This temporary increase could take place tem as the molecular mediator of this process.
in a matter of seconds to minutes via nongenomic pro-
cesses. Because LTP at glutamatergic synapses onto The orderly growth of axons to form topographic con-
VTA DA neurons requires a sufficient calcium signal me- nections between distant structures is one of the most
diated by NMDARs, the elevated NMDAR component fascinating features of the vertebrate nervous system.
caused by CRF makes these synapses more amenable The retinotectal system is perhaps the best-studied
to LTP induction. Thus, when glucocorticoids arrive model for dissecting the mechanisms controlling the
(within the stress response), they can more easily con- early development of topographic specificity. In this sys-
tribute to LTP and cause the insertion of AMPARs. Under tem, retinal axons from the most nasal part of the retina
this theory, stress boosts both components of the gluta- project to the most posterior region of the tectum,
matergic excitation of DA neurons, but the increased whereas axons from progressively more temporal loca-
NMDAR component is temporary. For society, possibly tions in the retina project to progressively more anterior
the most important issue is stress-induced drug crav- regions of the tectum. Sperry’s elegant experiments
ings that can cause relapse even after years of absti- strongly suggested that axon-target detection in the
nence. The final answers must await further research, retinotectal system requires the recognition of specific
but this interesting study suggests pathways of investi- chemical labels in the tectum (Sperry, 1963). In other
words, the establishment of topographic connectionsgation in the link between stress and addictive drug use.
